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ABSTRACT – (Effect of Croton urucurana Baill. extracts against Atta sexdens rubropilosa Forel (Hymenoptera: 
Formicidae)) Leaf-cutting ants of the Atta genus cause serious problems in Brazilian agriculture. Currently, 
research efforts are directed to find specific compounds to fight these ants, their symbiont fungus, or both. This 
study investigates whether direct topical application of hexanic, dichloromethanic, and methanolic leaf extracts 
of Croton urucurana affects mortality rate of Atta sexdens rubropilosa workers. In spite of previous research 
describing insecticide property related to this Croton species, no significant difference was observed between 
mortality rates of ants treated with extracts and control. Although the Croton extracts were not toxic for ants, 
further bioassays with the symbiotic fungus should be conducted. 
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RESUMO – (Efeito de extratos de Croton urucurana Baill. sobre Atta sexdens rubropilosa Forel (Hymenoptera: 
Formicidae)) As formigas cortadeiras do gênero Atta causam sérios problemas à agricultura brasileira. 
Atualmente, buscam-se substâncias que sejam específicas a essas formigas, ao seu fungo simbionte ou a 
ambos. O objetivo deste trabalho foi verificar se a aplicação tópica direta de extratos hexânico, diclorometânico 
e metanólico de folhas de Croton urucurana influenciam a taxa de mortalidade das operárias. Apesar de dados 
anteriores demonstrarem o efeito inseticida dessa espécie de Croton, não foi verificada diferença significativa 
na taxa de mortalidade das formigas tratadas com os extratos e o controle. No entanto, novos bioensaios 
usando o fungo simbionte devem ser realizados.  
 
Palavras-chave: Croton urucurana, Euphorbiaceae, Atta sexdens rubropilosa, formigas-cortadeiras, bioensaio, 
β-sitosterol. 
 
 
Introdução 
 
Leaf-cutting ants of the Atta genus, Attini tribe, 
Myrmicinae family, occur restrictedly in the Americas, 
distributed from central Argentina to southern USA 
(Herrera & Pellmyr 2002). These social insects live in 
nests built as a succession of chambers that are used 
to grow the symbiont fungus or to dispose of waste. 
These ants cause considerable damage to agriculture 
in Brazil (Fernandes et al. 2002) and together with ants 
of the Acromyrmex genus stand out as the main insect 
pest in tropical and subtropical regions in the American 
continent. It is estimated that between 12% - 17% of 
the total production of leaves in tropical forests is 
consumed by ants of the Atta genus, with a 
significantly higher impact on these environments, 
compared to any other herbivore (Herrera & Pellmyr 
2002). 
Currently, control strategies against this pest 
are based on unspecific manufactured insecticides that 
are harmful to non-target insects and contaminate the 
environment (Fernandes et al. 2002, Santos-Oliveira 
2006). These side effects have prompted the search 
for insecticides with specific action against leaf-cutting 
ants, their symbiont fungus, or both (Fernandes et al. 
2002). 
Plants like Spiranthera odoratissima A.St. Hil 
(Terezan et al. 2010), Azadirachta indica A. Juss. 
(Oliveira et al. 2006) and Citrus reticulata Blanco 
(Fernandes et al. 2002) have been associated with 
proven toxic effect against Atta sexdens rubropilosa 
Forel. 
Croton is a Euphorbiaceae genus that includes 
approximately 1,300 species distributed in tropical and 
subtropical regions of the New and the Old World 
(Govaerts et al. 2000). Plants of this genus have high 
levels of biologically active components, such as 
diterpenoids and alkaloids. Additionally, it comprises 
several aromatic species due to the presence of 
volatile oils (Salatino et al. 2007). 
Croton urucurana Baill., also known as dragon 
blood, occurs in a wide area of the Brazilian territory, 
from the state of Bahia to Rio Grande do Sul and Mato 
Grosso (Salatino et al. 2007). Its popular name derives 
from the fact that the trunk releases red latex that is 
used as analgesic in folk medicine (Peres et al. 1997). 
Moreover, Silva et al. (2009) demonstrated that 
semipurified fractions of C. urucurana bark extracts 
significantly increased the mortality of Anagasta 
kuehniella Zeller (Lepidoptera: Pyralidae), suggesting 
the potential use as natural insecticide. 
In this sense, the present study evaluated the 
effect of hexanic, dichloromethanic, and methanolic 
extracts of C. urucurana leaf extracts on the mortality 
of Atta sexdens rubropilosa workers using a direct 
contact bioassay. 
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Material and methods 
 
Preparation of extracts - Ten grams of dry and finely 
powdered leaves of C. urucurana were submitted to 8h 
serial extraction in a Soxhlet apparatus using hexane, 
dichloromethane, and methanol. Extracts were 
concentrated separately to dryness under reduced 
pressure in a rotatory evaporator and then diluted in 
the respective solvents to 0.5%, 1%, and 2% solutions. 
 
Bioassays - The ant nests used are kept in the 
Laboratory of Phytochemistry, Department of Botany, 
Institute of Biosciences, University of São Paulo, into 
controlled room at 24 ± 1ºC and 70% - 80% relative 
humidity. Ants are given a daily supply of leaves of 
Acalypha wilkesiana Mull.Arg. and corn grits. 
Five nests (replicates) were used during three 
bioassays, each one with five treatments: dry control 
(C1), solvent control (C2), 0.5% extract (T1), 1% 
extract (T2) and 2% extract (T3). For each replicate, 50 
worker-ants (10 for each treatment) with cephalic 
capsule measuring between 2.0 - 2.5 mm were 
randomly collected and placed in a Petri dish with 
water and an artificial solid diet prepared with 0.1% 
yeast extract and 1.5% agar in 100 mL distilled water 
offered in a small plastic lid. The diet was replaced 
every 24h to prevent contamination with 
microorganisms (Bueno et al. 1997). 
Each ant was immobilized using tweezers. 
Then, 1 μL of each extract at one of the concentrations 
used was dropped on the ant using a pipette 
(Fernandes et al. 2002). For the solvent control group, 
1 L of pure solvent was used. Petri dishes were kept 
under the same conditions used for nests. The number 
of dead ants after exposure to treatments was 
recorded daily, for 25 days (Bueno et al. 1997). 
 
Analysis of results - Survival rate of ants in each 
treatment was analyzed based on the day when 50% 
of ants were alive (S50) (Alonso & Santos 2013). The 
data obtained with the five repeats of each treatment 
were analyzed using ANOVA to detect statistical 
differences. When these differences were observed, 
the a posteriori Tukey test was used to detect which 
treatment produced different results.  
 
Analysis of secondary metabolites - The hexanic 
extract was submitted to gas chromatography–mass 
spectrometry (GC-MS) to identify the organic 
compounds in it. A HP-5MS column was used with 
injector temperature set at 250ºC and the following 
heating gradient: 4 min at 150ºC, a 150ºC increase to 
320ºC at 6ºC/min, and 2 min at 320ºC. The substances 
were identified comparing mass and relative intensity 
of peaks with data available in the MassBank.jp online 
databank (http://massbank.jp). 
 
 
Results and Discussion 
 
Comparing both dry (C1) and solvent (C2) 
controls, no statistically significant differences were 
observed with all three solvents used (Table 1). The 
absence of considerable deleterious effects by 
applying solvents topically onto leaf-cutting ants has 
already been reported in other studies. Similar findings 
were observed by Fernandes et al. (2002) in a study 
that evaluated the effect of the oil of citric fruit seeds 
diluted in hexane and ethyl acetate, and by Alonso & 
Santos (2013), in an investigation of the efficiency of 
hexanic extracts from seeds of two Euphrorbiaceae 
species.  
Here, as a rule, the leaf extracts of C. 
urucurana did not exhibit insecticide effect against Atta 
sexdens rubropilosa worker ants (Table 1). The S50 
values observed for all treatments did not differ from 
dry or solvent controls. At dry control, the S50 values 
ranged from 7.5 to 10 days depending on the 
bioassay. Bueno et al. (1997) have already found S50 
of 10 days in a similar assay. Despite the absence of 
statistical difference, a slight decrease at S50 values 
was noted with higher doses of hexanic and 
dichloromethanic extracts, but not for the methanolic 
extract (Table1).  
 
 
 
Table 1. Mean day when 50% (S50) of leaf-cutting ants survived, with different bioassays. C1: dry control; C2: 
control with solvent; T1: extract 0.5%; T2: extract 1%; T3: extract 2%. Identical letters in the same 
column indicate the absence of significant differences. S50 hexane = p > 0.4307, S50 dichloromethane = 
p > 0.5663, S50 methanol = p > 0.8893. 
 
Treatment S50 hexane S50 dichloromethane S50 methanol 
C1 10+1.936 a 7.5+1.095 b 8+2.987 c 
C2 8+1.850 a 9+2.274 b 10+35.579 c 
T1 8.5+2.244 a 9+3.489 b 10+3.475 c 
T2 7.5+2.387 a 8.5+3.817 b 11+2.151 c  
T3 6.5+3.061 a 7.5+2.043 b 9+3.347 c 
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In spite of the higher mortality in Anagasta 
kuehniella larvae observed by Silva et al. (2009) with 
the exposure to C. urucurana extracts, the insecticidal 
action of this plant could not be confirmed in Atta 
sexdens rubropilosa. 
Although no statistical significance was 
observed among the S50 for all biossays, the data 
obtained for the exposure to hexanic extracts in the 
present study pointed out an interesting pattern of 
survival. Looking through survival curves, there is a 
visual distinction of dry-control ants (C1) comparing to 
the others (C2, T1, T2, T3) (Fig. 1). The number of 
survivors was always higher from day 1 until day 21. 
Comparing the survival on a daily basis, a significant 
difference was observed in S50 of ants from the dry 
control and the other treatments between days 3 and 6 
(day 3 P > 0.0504; day 4 P > 0.027; day 5 P > 0.0142 
and day 6 P > 0.0327), reinforcing that visual 
difference. For dichloromethanic and methanol extracts 
no distinction were found throughout the bioassays. 
Dutra et al. (2011) reported on the cytotoxic 
activity of hexanic and dichloromethanic extracts of C. 
urucurana against Artemia salina. Moreover, these 
extracts also exhibited in vitro antibacterial action 
(Oliveira et al. 2008). The presence of β-sitosterol-O-
glycoside and of other substances in the methanolic, 
hexanic, and hydroalcoholic extracts of C. urucurana 
bark was pointed out to be behind the bactericidal 
action against Staphylococcus aureus (Peres et al. 
1997). Among other minor compounds, the GC-MS 
revealed β-sitosterol as an important constituent of 
hexanic extracts of C. urucurana. 
Finally, before abandoning the use of extracts 
of Croton urucurana as an alternative control of leaf-
cutting ants, further bioassays investigating the toxic 
effect of these extracts could be performed. Miyashira 
et al. (2012) using distinct doses of caffeine detected 
high toxic effect of this compound against the 
symbiotic fungus but none effect against the insect. 
Since there is a strict dependency between this insect 
and the symbiotic fungus, the use of a fungicide 
incorporated into baits could be an interesting 
alternative to actual unspecific insecticides. 
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Fig. 1 - Survival curve of Atta sexdens rubropilosa workers submitted to the bioassays of topical toxicity with extracts of Croton 
urucurana leaves. A. Assay with hexanic extract. B. Assay with dichloromethanic extract. C. Assay with methanolic extract.  
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